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Analysis of dodecylbenzenesulfonates in emulsifiable pesticide 
concentrates 
Von Balraj S. Parmar*) and Wolfram Weinmann 
Abstract 
A quantitative separation of alkylarylsulphonates, especially 
dodecylbenzenesulfonates plus nonionic tensides from other 
ingredients of the pesticide formulation was achieved by thin­
layer chromatography using Si-gel HF 254 and hexane +
ethanol (3 + 1/3.4 + 1 by volume). By ion-exchange chro­
matography using Dowex 50 WX4 and Dowex 44, dodecyl­
benzenesulfonate could be separated from the nonionic ten­
sides. After recovering the anionic compound with 
acetone + M-sodium hydroxide, the content was determined 
by the methylene blue method. 
Zusammenfassung 
Es gelang eine quantitative Trennung von Alkylarylsulfonaten. spe­
ziell Dodecylbenzylsulfonat mit nichtionischen Tensiden von anderen 
Bestandteilen einer Pflanzenschutzmittelformulierung durch Dünn­
schichtchromatographie mit Si-gel HF 254 und Hexan/ Äthanol (3 + 
1 /3.4 + 1 Volumenteile). Durch Ionenaustauschchromatographie mit 
Dowex 50 WX4 und Dowex 44 konnte Dodecylbenzylsulfonal von 
den nichtionischen Tensiden getrennt werden. Nach Rückgewinnung 
des Anions mit Aceton + M-Natriumhydroxid wurde der Gehalt mit 
der Methylenblaumethode bestimmt. 
1. lntroduction
Alkylarylsulphonates alone or in combination with other ionic 
or non-ionic surfactants are widely used in various pesticide 
formulations. Their admixture with other surfactants provides 
a blend of more desirable performance characteristics to the 
finished product. Nevertheless, it complicates further the 
already complicated composition of these formulations. Until 
now, no attempt seems to have been made to quantitatively 
recover and estimate the surfactants from pesticide formula­
tions, and this seems to be responsible for a Jack of quality and 
quantity control of these ingredients in such products. How­
ever, a specific and target-oriented pest control as often envi­
saged for the future, coupled with a considerable interest in 
the environmental effects of chemicals, is likely to prescribe 
rigid requirements for the ingredients of formulations. Under­
taking such an investigation was, therefore, only logical. 
Analysis of surfactants in pure or formulated states or in 
mixture of different groups of surfactants and in various 
substrates such as food, feed, fibre, water and various effluents 
has bccn cxtcnsivcly invcstigatcd. Thc various analytical pos-
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sibilities have been compiled as a monograph (1). Using some 
of the models described in this monograph, an attempt has 
been made to analyse alkylarylsulphonate surfactants from 
pesticidal formulations. The results are reported in this com­
munication. 
2. Experiment
2.1. Materialsand Apparatus 
Reference and test surfactants 
a) Mixture of calcium dodecylbenzenesulphonate and a
polyoxyethylenated nonylphenol 1 + 1 in Arsol II (Atlas
Chemie)
b) Calcium dodecylbenzenesulphonate in butan-1-ol (Atlas
Chemie)
c) Polyoxyethylenated nonylphenol (Atlas Chemie)
d) Dodecylbenzenesulphonic acid (Hüls AG)
e) Sodium dodecylbenzenesulphonate (Hüls AG)
f) Dodecylbenzene (Hüls AG)
g) Solution of sodium or calcium dodecylbenzenesulphonate
(1 % ) in acetone
Pesticide formulations 
A) Toxicant: Dinobuton; surfactants: mixture of calcium
dodecylbenzenesulphonate ( calc. content in formulation
3.022%) with a polyoxyethylenated nonylphenol and
polyoxyethylenated triglycerides
B) Toxicant: Clofop-isobutyl; surfactants: mixture of cal­
cium dodecylbenzenesulphonate ( calc. content in formu­
lation 2.840%) with polyoxyethylenated nonylphenol
and polyoxyethylenated and polyoxypropylenated butyl
ether
C) Toxicant: Chlorthiophos; surfactants: mixture of calcium
dodecylbenzenesulphonate (calc. content in formulation
1.864%) with polyoxyethylenated triglycerides
D) Toxicant: Chlorflurenolmethylester; surfactants: mixture
of calcium dodecylbenzenesulphonate (calc. content in
formulation 2.100%) with polyoxyethylenated sorbitan
mono tall oil ester
E) Toxicant: Trifluralin; surfactants: mixture of calcium
dodecylbenzenesulphonate (calc. content in formulation
·1 .809 % ) with polyoxyethylenated sorbitol hexaoleate
and polyoxyethylenated triglycerides
F) Toxicant: Bromophos; surfactants: mixture of calcium
dodecylbenzenesulphonate (calc. content in formulation
2.272 % ) with polyoxyethylenated triglycerides
G) Toxicant: Methoxychlor; surfactants: mixture of calcium
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dodecylbenzenesulphonate (calc. content in formulation 
2.340%) with a polyoxyethylenated sorbitanmonotall oil 
ester 
H) Toxicant: Pendimethalin; surfactants: mixture of calcium
dodecylbenzenesulphonate ( calc. content in formulation
2.282 % ) with polyoxyethylenated nonylphenol and poly­
oxyethylenated triglycerides
I) Toxicants: Nitrofen and linuron; surfactants: mixture of
calcium dodecylbenzenesulphonate (calc. content in 
formulation 1.875 % ) with iso-octyl ethoxy phenol
K) Toxicant: 2,4,5-T pentyl ester; surfactants: mixture of
calcium dodecylbenzenesulphonate (calc. content in
formulation 3.750%) with a polyoxyethylenated nonyl­
phenol
L) Toxicant: 2,4,5-T pentyl ester; surfactants: mixture of
calcium dodecylbenzenesulphonate ( calc. content in
formulation 3.750%) with a polyoxyethylenated nonyl­
phenol
Formulation laboratory-prepared!
M) 2,4,5-T pentyl ester
lon-exchange resins 
. lonex SB-Ac A mixture of silica gel and a basic anion ex­
Amberlyst 
A 29 
Amberlyst 
A 21 
Amberlite 
IRA 68 
Amberlite 
IRA 93 
Dowex 44 
Dowex 50 
WX4 
Others 
change resin in acetate form 
ci--form, strongly basic anion exchange resin, 
type II (derived from dimethyl-ethanolamine) 
c1--form, weakly basic anion exchange resin, 
with tertiary amino groups fixed to a poly (sty­
rene-divinylbenzene) matrix 
OH--form, 20-50 mesh, weakly basic anion 
exchange resin with a network of acrylic acid­
amino alcohol esters, with tertiary amino 
groups 
c1--form, weakly basic anion exchange resin 
with tertiary amino groups fixed to a poly(sty­
rene-divinylbenzene) matrix 
ci--form, weakly basic anion exchange resin 
capable of working in acid media only, a con­
densation product of epichlorohydrin and am­
monia, with tertiary amino groups 
H + -form, 20/50, swollen, strongly acidic cation 
exchange resin, sulphonated styrene-divinyl-
benzene copolymer 
Hexane + ethanol (3 + 1 to 4 + 1) 
Acetone 
Dragendorff reagent 
Arsol II (aromatic solvent, Atlas Chemie) 
Chloroform. 
HCI, 10% of conc. hydrochloric acid 
Methylene Blue Solution. - Dissolve 0.1 g methylene blue 
chloride in 100 ml of water. Transfer 30 ml of this solution to a 
1-liter volumetric flask and add 500 ml of water. Add 7 ml of 
concentrated H2S04 (sp. gr. 1.84) and 50 g of NaH2PO.i · H20.
Shake until solution is complete and then dilute to 1 liter with
water.
Phenolphthalein Indicator Solution (5.0 g/litcr). - Dissolve 
0.5 g of phenolphthalein in 50 ml of 95 % ethyl alcohol and 
dilute to 100 ml with water. (Note: Specially denatured ethyl 
alcohol conforming to Formula No. 3A or 30 of the U.S. 
Bureaus of Interna] Revenue may be substituted for 95 % 
ethyl alcohol.) 
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Sodium Hydroxide Solution (10 g/liter). - Dissolve 10 g of 
sodium hydroxide (NaOH) in water and dilute to 1 liter. 
Sodium Phosphate, Acidified Wash Solution. - Dissolve 50 g 
of sodium dihydrogen phosphate monohydrate 
(NaH2P04 · H 20) in 500 ml of water in a 1-liter volumetric 
flask. Add 7 ml of concentrated sulfuric acid (H2S04, sp. gr. 
1.84) and dilute to volume with water. 
Phosphoric Acid (5 g conc. acid in 1 liter aqueous solution). 
Apparatus 
Glass columns (1.4 cm i.d.) provided with a stopcock at one 
end and a standard joint at the other 
Spectrophotometer for measurements at 652 nm 
Syringe 100 µl (Hamilton Co., USA) 
Disposable pipettes 2 and 5 µ! 
T.l.c. plates 20 X 20 cm with Si-gel containing HF 254
(Type 60) 300 µm thickness for quantitative work and 500
µm thickness for qualitative work
T.l.c. applicator for qualitative work
Chromatocharger CAMAG (according to Firmenich) for
quantitative work
Ultraviolet lamp (254 nm) for Si-gel HF 254 plates
2.2. Resin regeneration and preparation of columns 
Anion-exchange resins were regenerated by eluting in col­
umns with 10 times their weight of M-sodium hydroxide. A 
contact time of approximately 30 min between resin and alkali 
was allowed; the resin was rinsed with water taken out of the 
columns and washed free of alkali with deionised water by 
decantation until neutral to phenolphthalein. The washed 
resin was packed into fresh columns. When the resin had been 
regenerated the previous day, the columns were freshly rinsed 
with water and retested with phenolphthalein before use. 
Cation-exchange resin was first washed with water to remove 
colour and then regenerated by eluting with 5 times its weight 
of 10% hydrochloric acid. A contact time of about 30 min was 
allowed; the resin was rinsed with water, taken out, washed 
free of acid by decantation and repacked into fresh columns. 
When filling columns, a glass wool plug was inserted at the 
base, the resin was introduced as a slurry in water and allowed 
to settle in columns under flowing water with tapping or with 
the help of a glass rod to get uniform, packing, free from air 
channels. Glass wool was finally packed at the top to keep the 
resin in position. When eluting with a solvent mixture, the 
resin was preconditioned with the same solvent mixture before 
introducing the test substance. 
10 g resin for the anionic column and 20 g for the cationic 
column were taken. The cationic resin may be reused 5 or 6 
times after each fresh regeneration, but a new lot of anion­
exchange resin is taken every time. For each investigation two 
cationic and two anionic columns may be used. 
2.3. Jnvestigation 
2.3.1 . Thin-layer chromatography 
A number of experiments were conducted to achieve a resolu­
tion of the anionic and non-ionic surfactant components as 
well as a separation of the total surfactants from the other 
components of the pesticide formulations. 
After screening tests with methanol, benzene, benzene + 
hexane (1 + 1 and 4+ 1 by volume), hexane + acetone (1 + 1 
by volume), hexane + ethanol (1 +l, 3+1, 4+1, and 31 +9 
by volume) a satisfactory resolution of the surfactant compo­
nents was achieved by using propan-1-ol-+chloroform + 
94 B. S. PARMAR and W. WEINMANN, Analysis of dodecylbenzenesulfonates in emulsifiable pesticide concentrates 
methanol + 10 M NH3 (10+10+5+2 by volume). The 
identification of the spots was achieved by the Dragendorff 
reagent. 
A separation of the total surfactant components from all 
other was possible with hexane + ethanol (3 + 1 to 4 + 1 by 
volume). An example of this resolution also in the 2,4,5-T 
formulation (K) is given in Figure 1. As it is evident, this 
system enabled a retention of the total surfactants around the 
application point and moved the toxicant, 2,4,5-T pentyl ester 
(M) and the solvent (Arsol II) as separate spots. The anionic
surfactants revealed a minor impurity which resolved closed to 
dodecylbenzene (f). The inclusion or exclusion of this compo­
nent during analysis of anionics did not affect the anionic
content. lt was, therefore, excluded along with the toxicant
and the solvent spots. The behaviour of anionic and non-ionic
surfactants when applied from high concentration stock solu­
tions was also studied. The non-ionic spot remained unaltered,
but the anionic calcium dodecylbenzenesulphonate (b) re­
solved further and showed a head above the main spot. This
point was borne in mind at the time of scraping off the spots
from t.l.c. plates, and an appropriate margin for the diffusion
of this spot on such plates was allowed.
After marking of the surfactant zones on the preparative 
t.1.c. plates under ultraviolet light, the appropriate areas were
scraped off and the gel transfered into a thimble and extracted
in soxhlet with acetone for 2 h. Presence of the ultraviolet
indicator (HF 254) did not interefere with the estimation of
anionic compounds by the methylene blue method.
2.3.2. lon-exchange chromatography 
A number of preliminary experiments was conducted to ascer­
tain the appropriate resin and its working conditions. Batch 
and column ion-exchange methods were tried and the latter 
finally adopted because of its precision and working conveni­
ence. Retention of anionic compounds was confirmed by 
collecting the eluate during their retention, removing the 
Fig. 1. Thin-layer chromatographic behaviour of the reference surfac­
tants, 2,4,5-T pentyl ester (M) and the pesticide formulation K. 
Solvent system: hexane + ethanol (31 +9 by volume) 
Spots: 4 �tl of a 1 % solution of each compound in acetone (a, b 1• c, e 
and K) 
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solvent on a water bath, dissolving the residue in methanol or 
acetone and examining the concentrated extract by t.l.c. 
Amberlyst A-29 was found satisfactory to retain anionic 
compounds. The resin was used after activation of its c1·-form 
with hydrochloric acid and regeneration into the OH·-form. 
But the recovery of the retained anions when using the 
methods 4, 5, 6 was incomplete and not reproducible; further­
more the anions were recovered in very small lots. 
Therefore two weakly basic anion-exchange resins, Amber­
lite IRA 93 and Amberlyst A-21 were tested. Both com­
pounds retain all anions from 0. 91 g calcium-dodecylben­
zenesulphonate per 20 g dry resin. For recovery of the anions 
only the method described by Le Peintre and Romens (6) was 
used because of convenience. Again the recoveries were in 
very small amounts in each Jot. 
Amberlite IRA-68, another weakly basic resin, was tried. 
By using 500 µg of sodium-dodecylbenzenesulphonate per 20 
g dry resin, a recovery of 90-95% of retained anions was 
attained. However, this resin had a capacity for retaining 
anions from less than 0.2 g of sodium- or calcium-dodecylben­
zenesulphonate per 25 g dry resin. 
Dowex 44, a weakly basic resin capable of working only i11 
acidic media, was therefore investigated with the aim of 
obtaining a better retaining capacity. This resin retained more 
than 0.1 g of dodecylbenzenesulphonic acid per 10 g dry resin 
and was therefore chosen for further work. 
For converting the surfactant salts into free acid Dowex 50 
WX4, a strongly acidic cation-exchange resin was used. By 
passing solutions of 0.1 g of sodium- or calcium-dodecylben­
zenesulphonate first through Dowex 50 WX4 and then retain­
ing the free acid on Dowex 44, recoveries between 85-95 % 
were obtained from a number of experiments. Examination by 
t.l.c. of further eluates from the resins did not reveal any
significant recovery, and as such, Dowex 50 WX4 was
adopted. The retention of anions when emulsions were passed
through the resins was not satisfactory.
Le Peintre and Romens reported a method for very low 
concentrations of anionic compounds (1-100 µg); so it was 
necessary to standardize it for work with !arger amounts. 
For the recovery of anionics retained from 0.1 g of sodium­
or calcium-dodecylben.zenesulphonates, a resin elution with 
250 ml (M-sodium hydroxide+acetone 1 + 1 by volume) fol­
lowed by washing with 250 ml deionised water was generally 
satisfactory; but sometimes a lower recovery happens. Elution 
with a further 250 ml M-sodium hydroxide + acetone fol­
lowed by washing with 250 ml deionised water in all cases gave 
reproducible values. This was finally followed, except that the 
first washing was done with 100 ml. The recovery step 
immediately succeeded the retention step, and during recov­
ery, a rate of flow of the solvent system between 4-5 ml per 
min was maintained. Each Jot of the solvent (about 20 ml) was 
run as close to the top of the resin as possible to avoid any air 
channel formation. 
2.3.3. Quantitative determination of anionic compounds 
The methylen blue method of Jones as modified 1955 by 
Longwell and Maniece (ASTM D 2330-65 T version) 
described by Rosen and Goldsmith (1) was used. The repro­
ducibility of Standard curves was checked between 45 and 85 
min from the first addition of methylen blue, and all optical 
density measurements were recorded after 60-65 min. Optical 
densities of a second portion of solution withdrawn from the 
same flasks after a Japse of 5-10 min were also measured as a 
check, and the mean recovery of the test surfactant from these 
two values agreed generally within 1-2 %. For maintaining 
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uniformity during extraction of anionic-MB-complex into 
chloroform, a first shaking of 1 min and subsequent shakings 
of 30 s each were performed. All measurements were recorded 
at 652 nm through a 10 mm light path. A reagent control was 
invariably run, though it never showed any blue colour. Cal­
cium-dodecylbenzenesulphonate was recovered and measured 
as the sodium salt. Standard curves were used only as a check 
of the workability of the method. During analysis one standard 
concentration (0.2 mg of sodium-dodecylbenzenesulphonate) 
was run in duplicate with each experiment and the mean 
absorbance taken. A volume of the test solution providing 
theoretically 0.2 mg of the test anionic compound as sodium­
dodecylbenzenesulphonate was taken in duplicate and simi­
larly measured. Per cent recovery and by this the anionic 
content was calculated as follows: 
optical density of test solution 
Per cent recovery = . . . X 100 
opt1cal dens1ty of Standard solut1on 
3. Final method
Take the formulation as such or prepare solutions of the 
sample in acetone so as to contain 1 % of sodium- or calcium­
dodecylbenzenesulphonate. Apply 70 µ! of these solutions 
twice on each of two t.l.c. plates, develope in hexane +
ethanol (31 +9 by volume) and mark the spots under 
ultraviolet light. The gel of these zones is scraped off, taken 
into a thimble separately for each plate, and extracted by 
soxhlet for 2 h in acetone (do not use boiling stone!). 
The acetone is removed under reduced pressure and the 
flask additionally dried for about 10 min at 60 °C. Take the 
residue in water - or water + methanol (1 + 1 by volume) in 
the case of calcium dodecylbenzenesulphonate -, make up to a 
definite volume, and estimate further the anionic content of 
each sample. 
The solution is passed through an appropriately conditioned 
column of 20 g Dowex 50 WX4 and afterwards through a 
column of 10 g Dowex 44 (see section 2.3.2.). The columns 
are eluted with respective solvent (water or water + 
methanol). When about 200 ml of the eluate are collected, the 
cation-exchan_ge column is removed. The anionic column is 
first washed with the appropriate solvent and then with water 
to free it of methanol. 
Table 1. Per cent anionic recovery from reference surfactants (mean 
values) 
Recovery ( % ) from 
Test surfactant t.l.c. Resin t.l.c. plate
plate combined with 
resin 
Reference sample a 
Laboratory prepared 
sample 91.2 92.7 
Commercial sample 97.9 98.5 
Reference sample b 
Calcium dodecyl-
benzenesulphonate 91.8 97.7 
Reference sample e 
Sodium dodecyl-
benzenesulphonate 
1. without develop-
ment of t.l.c. 
plates 94.3 
2. after development 
of t.l.c. plates
in hexane + ethanol
(31 +9 by volume) 98.5 95.5 96.2 
The retained anionic compounds are immediately recovered 
by elution with 250 ml M-sodium hydroxide + acetone (1 + 1 
by volume) followed by washing with 250 ml deionised water 
(this step may be repeated once). 
The eluates are collected and combined; the acetone is 
removed on a water bath (90-100 °C), the remainders concen­
trated to approximately 200 ml, cooled and neutralized drop­
wise to approximately pH 7.0 with phosphoric acid (the 
number of drops may be standardised). The volume is made 
up to 250 ml with water. 
The anionic content is estimated in a suitable volume pro­
viding about 0.2 mg dodecylbenzenesulphonate (see section 
2.3.3.). 
The sample is given into a 250 ml separatory funnel and 
diluted with water to about 100 ml. After addition of 3 drops 
of phenolphthalein solution, a solution of sodium hydroxide is 
added until a pink colour is developed. Phosphoric acid is 
given to the solution just to discoloration. After mixing with 
25 ml of methylene blue solution, the mixture is extracted by 
Table 2. Anionic content of the test formulations against an expected theoretical value of 0.2 mg (mean value). 
Ref. 
sample 
A 
B 
C 
D 
E 
Anionic content 
(mg) (% of 
expected 
value) 
0.1964 98.2 
0.2030 101.5 
0.1788 89.4 
0.2048 102.4 
0.1554 77.7 
Remarks 
I. On prep. t.l.c. plates, the solvent and toxicant zone merged but separated apart from the
surfactant zone. Scrapped touching the lower edge of the toxicant zone. 
The merged solvent and toxicant zone showed violet fluorescence (scrapped approx. 7 cm from
the appln. point).
II. Acetone solution of this formulation showed some fluffy material settling at the bottom. During
application an t.l.c. plates, only supernated liquid was applied.
On prep. t.l.c. plates, the toxicant and solvents merged and moved apart (violet fluorescence) from 
the surfactant zone, but produced a slight tail. During scrapping, excluded the tail and scrapped 
touching its lower end (approx. 6.3 cm from appln. point). 
On prep.t.l.c. plates, the toxicant showed 2 extra spots of the isomers. One isomer spot touched the 
surfactant zone. lt was included in the surfactant zone while scrapping (scrapped from approx. 5.5 
cm from the appln. point touching the base of the 2nd isomer spot). 
1. On prep. t.1.c. plates, the toxicant and solvent spots merged (violet fluorescence) but moved apart 
from the surfactant zone. Scrapped touching the lower edge of the fluorescent streak (approx. 6
cm from the appln. point). 
II. The surfactant content of two replicates differed by about 13 %. 
On prep. t.l.c. plates, the toxicant showed a deep yellow streak which moved apart from the 
surfactant zone. Scrapped touching the lower edge of this streak (approx. 7 cm from appln. point).
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shaking for 1 min with 25 ml chloroform . Extract ion is re ­
peated twice by shak ing with 25 ml of the same solvent for 30 s 
respectively .  The combined extracts are washed wi th 5 0  ml of 
the phosphate wash so lut ion,  fol lowed by f i l trat ion of the 
organic phase through a glass wool plug. The remain i ng wash 
solution is reextracted by means of 20 ml  chloroform, which is 
combi ned with the main chloroform extract and brough t to 
1 00 ml . Light absorption is measured in a 10 mm cell at a wave 
length of 652 mm . 
With each experiment  a standard test solution of about 0 . 2  
mg  dodecylbenzenesulphonate ha s  to run  in duplicate .  
4. Results and d iscussion
The mean recovery of an ionic compounds from the reference 
surfactants is reported i n  table 1 . The recovery values from 
t . 1 . c .  plates, resins and t . 1 . c . p lates combined with resins ranged 
between 9 1 . 2  and 98 .5 % from all the products . These were 
within the precision range ( about 1 0-1 1 %) of the methylene 
b lue method . The recovery values for the two samples ( inde­
pendently processed through t . l . c .  plates, resin or t . 1 .c .  plates 
combined with resins) for which means are reported here (as 
wei l  as i n  table 2 )  were also general ly within this range of 
precision .  These experimental  conditions were, the refore, con ­
s idered satisfactory and applied to the analysi s o f  anionic 
compounds from various commercial emulsifi able concen­
trates (table 2 ) .  
Recoveries o f  92 . 2  and  95 .4 % from the  laboratory-m.ade 
and commercial 2 ,4 ,5 -T sample respective ly  confi rmed the 
workabi l i ty of the method. The same was then extended to 
other emulsifiable concentrates .  The resul ts revealed that only 
6 of the tested samples contained the declared amount of 
calcium-dodecylbenzenesulphonate ,  2 samples contained 
s l ightly less than the declared value , but one contained a 
con siderably lower amount ,  one other emulsion revea led a 
higher amount .  These results i ndicate that serious attention to 
maintaining the surfactant content at the t ime of formulat ing 
has been lacking. 
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5. Scope 
A few other important surfactants used in pest ic ide formula­
tions in West Germany. e .g .  Neka l  BX Trocken ,  Wettol NT 1 
(BASF), Tinovent in B (Ciba-Geigy) both naphthalenesulpho­
nates ; Tamol NNO, Wettol D2 (BASF), a sodium formal­
dehyde-naphthalene condensate and Aerosol 0TB (Seppic) a 
1 ,4-dialkyl -2-sulphosuccinate, were also examined on the S i ­
ge l  HF 254 plates and hexane + ethanol (3 1 + 9 by volume)  
system .  These surfactants, l i ke the alkylarylsulphonates, also 
remained around the application points suggesting a possibi l i t y  
of  their separation  from the  formulation toxicant/solvent
ingredients . As the methylene b lue method is  known to work
for all these anions ( 1 ) , the proposed method is expected to
hold also for the determination of these and other methylene
blue sensitive anionic compounds .  However, special working
conditions might have to be developed .
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